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Platelet-derived endothelial cell growth factor 
(PD-ECGF) is a 45 kDa endothelial cell mitogen that has been 
purified to homogeneity from human platelets. It does not 
bind to heparin and does not stimulate the proliferation of 
fibroblasts, in contrast to other endothelial mitogens of the 
fibroblast growth factor (FGF) family. PD-ECGF appears to be 
the only endothelial cell growth factor in human platelets 
and recent data indicate that it has angiogenic activity in 
vitro, i.e., the ability to stimulate the formation of new 
blood vessels and chemotactic activity, in vitro . The 
present invention provides a homogeneous PD-ECGF in 
substantially greater yields than available in the past, the 
primary structure of PD-ECGF, antibodies against PD-ECGF, 
clones of its cDNA, and variants thereof. The invention also 
provides a therapeutic preparation of PD-ECGF. 

Polypeptide growth factors play an important role 
in stimulating proliferation of target cells which are 
involved in both normal cellular processes and disease 
•tetes. Some examples of processes that involve cell 
prolifration are, for inatance, epidermal tissue replacement 
and immune system responses. Hemostasia, which is prevention 
of blood loss, is a continual process requiring that vascular 
tissue be constantly replaced. Growth of vascular 
endothelial cells has a central role in a variety of 
physiological and pathological processes, such as 
angiogenesis, woundhealing, atherosclerosis, and tumor 
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growth. In th case of vascular trauma, a coropl x 8 rios of 
ev nts c mes into operation to maintain hemostasis. Initial 
response to trauma include activation of platelet plugging, 
blood coagulation, -and eventually regrowth or repair of the 
damaged tissue. This final step must be activated at the 
proper time, place and in the proper tissue. One role for 
polypeptide growth factors is to mediate this response in 
both a temporal and tissue specific manner. 

Peptide and polypeptide growth factors have been 
isolated from many sources. These include epidermal tissue, 
n utral tissue, platelets, placental tissue, and others. 
These peptide and protein factors are distinguished by a 
variety of properties including target cell specificity, 
h parin affinity or interaction, secretory properties, and 
physiochemical properties such as molecular weight, charge, 
h at stability, pH sensitivity, and susceptibility to 
reducing agents. 

Endothelial cell growth is stimulated by a class of 
polypeptide growth factors known as fibroblast growth factors 
(FGFs) . These mitogenic factors are characterized by their 
heparin-binding properties. Heparin is a powerful 
anticoagulant agent normally found in minute amounts in the 
circulatory system. The FGFs fall into two distinct protein 
classes, acidic and basic, and have been identified in neural 
and other tissues (Baird et aK , 1986; Lobb et aK , 1986; 
Thomas at al . , 1986) • 

Recently, endothelial coll proliferation was shown 
to be stimulated by a novel polypeptide growth factor that 
was distinct from other known polypeptide growth factors 
derived from fresh human platelets (Miyazona et al . , 
1985a, b) . This factor was originally called vascular 

ndothelial cell proliferation factor and was later renamed 
platelet-derived endothelial cell growth factor PD-ECGF. 
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Platelets are a rich source of growth factors f r a 

variety of hemop ietic and other tissu s. Platel t-d rived 

? growth factors that have been identified and charact rized 

include platelet-derived growth factor (PDGF) which 

stimulates fibroblast and vascular smooth muscle cell growth 

but has no effect on endothelial cells; transforming growth 

ifactor- oC (TGF-oC j which is closely related to epidermal 

growth factor (EGF) and can stimulate growth of epidermal 

cells but not endothelial colls; transforming growth 

factor- £(TGF-^ ) which syncrgistical ly stimulates fibroblast 

growth in the presence of EGF »and is furthermore a potent 

inhibitor of endothelial cell growth; a hepatocyte growth 

factor; and platelet-derived endothelial cell growth factor 

(PD-ECGF) , the subject of this invention. 

A growth-promoting activity was partially purified 

and characterized by Miyazonc ct al . (1987) # The following 

characteristics were used to distinguish this activity from 

that of previously identified growth factors: Cultured 

porcine vascular endothelial cells were stimulated to 

20 incorporate 3 H thymidine into DNA in a dose-dependent manner 

upon treatment with a soluble lysate of fresh human 

platelets. The platelet lysate also promoted cellular 

proliferation by about 100% above a control culture treated 

with 1% fetal bovine serum. Fractionation of the lysate 

revealed that the activity appeared in the Mr 20,000 range on 
25 3 
a Sephadex G-75 gel filtration column, stimulated H 

thymidine incorporation into DNA of porcine vascular 

endothelial cells but not NRK fibroblasts, was probably 

distinct from PDGF which ran at Mr 30,000 on this column and 

stimulated fibroblasts but not endothelial cells, was more 

30 

potent when prepared from fresh platelets rather than from 
outdated platelets, was heat-and acid-labile, resistant to 
the reducing agent dithiothreitol and was sensitive to 
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trypsin, guanidinium-HCl and urea, the latt r tw being 
v; d naturants. Based on these characteristics it was c nclud d 
that the growth-promoting activity was a polypeptide growth 
factor distinct from any that had previously been identified 
_ in human platelets. 

^>;v : Angiogenesis is the formation of new capillary 

blood vessels by: sprouting from existing vessels. It is an 
important process in wound healing and tumor growth. Certain 
polypeptide factors have been identified which stimulate this 

10 P rocefls by virtue of their mitogenic or chemotactic activity 
for endothelial cells. 

Mitogens are substances that stimulate 
proliferation of cells and are usually small molecules such 
as phorbal esters, polysaccharides, peptides, proteins or 

15 combinations thereof. Ta::is is the directed migration of 
cells in recponso to an environmental cue. Chemotaxis is 
thus a rosponso to chomiculs in the environment.. For 
eukaryotic colls, known chemotactic factors include 
histamine, amino acids, peptides, and proteins, 

2o Polypeptide factors that elicit angiogenic 

responses include FGFs, TGF- of, TGF-/S, tumor neurosis factor 
and angiogenin (Folkman ot al. , 1987a, b; Frater-Schrodor 
_tal., 1987| Leibovich ot al. , 19871. These factor* exhibit 
multiple effects on a wide variety of cell typos. Unlike 

25 *«ctors f human platolot-dorived endothelial cell growth 

factor specifically stimulates endothelial colls. 

Endothelial cell proliferation insido larger blood 
vessels is important for the regeneration of damaged 
ndothelium and probably plays a role in prevention of 

30 ath * ro »cl«rosis. Atherosclerosis is a condition in which 
lipid-rich lesions or plaques develop on blood vessels and 
can lead to numerous vascuous diseases* Alteration in the 
endothelial coll layer is thought to be an early event in 
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athoroscl rosis. Plat 1 ts adhere to damaged endothelium 
c lis and rcl ase nit g ns to stimulate both ndoth*»lial and 
smooth muscle cell regeneration. PD-ECGF is among the 
mitogens that are released. 

In disease associated with a reduction in platelet 
number, for example thrombocytopenia, PD-ECGF and other 
platelet mitogens "and chcmotactic factors may provide 
therapeutic benefit. Certain drugs can also induce platelet 
destruction or suppression. Thus, supplementing drug therapy 
with platelet mitogens may prevent untoward side effects. 

The present source of PD-ECGF is fresh human r ; 
platelets making purification of large amounts of this ; 
protein expensive and potentially risky given that human 
blood may contain infectious agents. Since PD-ECGF is heat 
labile, prior storii izatior. c:r pasteurisation of blood will 
destroy itr activity. Tn chtcir. rruar.titicF of PD-ECGF for 
further study and to provide therapeutic amounts, a more 
readily available source i* desired. Cloning the PD-ECGF 
gene would allow the construction of expression vectors that 
produce large amounts of I'D- nccF. 

The techniques of recombinant DKA technology are 
well established. While numerous manuals are available that 
outline the strategy and methodology for cloning genes, much 
of the work romains unpredictable* there is still no 
guarantee of success. Each cloning experiment can present 
its own special problems and pitfalls. A typical strategy 
for cloning eukaryotic genes is to isolate mRNA, to 
transcribe it into cDKA which is then inserted into a 
replicable vector, to transform a suitable host with the 
construct and to identify the desired clono by any number of 
means including functional activity or complementation, and 
screening with antibodies or oligonucleotides. A problem 
peculiar to some eukaryotic genes is finding a tissue in a 
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state of development or dif f crehtiatibn that is expressing 
the desired gene product, that ;is^S^ohtairiing the mRNA from 
the desired gene. The source ofCpD-ECGF is platelets; which 
tare enucleated Jcel Is and thus dojnotjcontain DNA.or nRNA, 
LHenceV to clone the gene for PD-ECGF?;a tissue cr cultured 
fcelltline that produces PD-ECGF vwas^needed to be'-found. 

The present invention comprises homogeneous^- 
platelet-derived endothelial cell growth factor and an 
improved method for its purification tc homogeneity from 
fresh human platelets. PD-ECGF is a 45 kDal endothelial cell 
mitogen that does not bind heparin^ not stimulate the 

proliferation of fibroblasts, ir/vccntrast tc another class of 
endothelial cell mitogens which beicne tc the FGF family. 
PD-ECGF has angiogenic and chenctactic activity. With 
greater yields of PD-ECGF available, a partial amino acid 
sequence can bo obtained frcm tryptic fragments as well as 
from V8-protoase- and CNBR-derived fragments. The present 
invention provides proteolytic fragments cf PP- ECGF and their 
use in obtaining the amino acid sequence of PD-ECGF and its 
variants. The PD-ECGF of the present invention provides 
variants of PD-ECGF. 

The present invention relates to a polypeptide 
comprising recombinant platelet-derived endothelial coll 
growth factor. 

The present invention further relates to an 
antibody to platolet-derived endothelial cell growth factor. 

In addition, the present invention relates to a 
nucleic acid molecule comprising a recombinant DNA molecule 
or a cDNA molecule platelet-derived endothelial cell growth 
factor. 

The present invention also relates to a mammalian 
platelet-derived endothelial cell growth factor for use in 
preparing a therapeutic composition useful in treating 
wounds, atherosclerosis, angiogenesis , or thrombodytopenia. 
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The present "jinyention still further r lates to a 
process for the purification of homogeneous platelet-derived 

endothelial eel 1 growth; factor from a platelet lysate 
comprising sub jecting the lysate tc cation exchange 
chromatography, pooling and subjecting the resulting active 
fractions -to anicn exchange chromatography,; pooling and - 
subjecting the resulting active f ract ions to arrcnium sulfate 
precipitation, pooling ar.c subjective the resulting active 
fractions to anicn exchange chromatography, pooling and 
subjecting the resulting active fractions tc high- 
performance hydrcxylapatite eclunr. chromatography, pooling 
and subjecting the resulting active fractions tc high- 
performance hydrophobic column chromatography, and recovering 
said homorcc-neous pi ntelet-ccrivod endothelial cell growth 
factor. 

Fig. ! illustrator chromatographic purification of 
human PD-ECGF on DEAE-Sepharoso . 

Tic. 2 illustrates chromatographic purification of 
human PD-ECGF on hydroxylapatitc . 

Fig. 2 illustrates chromatographic purification of 
human PD-ECGF on a Mono 0 colurr.r. 

Fig. 4 illustrates chromatographic purification cf 
human PD-ECGF on a TSK-G4000 SW column. 

Fig. 5 illustrator chromatographic purification cf 
human PD-ECGF on a Superose 12 column. A) Column profile. 
B) SDS polyacrylamide gel of purified fractions of human 
PD-ECGF. C) SDS polycryl amide gel of pure PD-ECGF in the 
presence or absence of a reducing ac?nt. 

Fig. 6 illustrates chromatographic purification of 
human PD-ECGF on a high-performance hydroxylapetite column. 
A) Column profile. B) Analysis of fractions by SDS gel 
electrophoresis and silver staining. 

Fig. 7 illustrates chromatographic purification of 
human PD-ECGF on an alkyl Superose column. A) Column 
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ptof Qj$-*) Analysis f fractions by SDS g 1 1 ctr - 
. pho 5j^?^?£* llv «" e 8t iniiig. C) Analysis of th purifi d 
Mte ^|ife SDS electr <>Phocesi8 and silver staining under 
nonredueing conditions. 

f^-^/Pig. 1 8 illustrates separation of tryptic peptide 
fragments^of .human PD-ECGF by narrow-bore reversed phase 

I, Pig. 9 shows the amino acid sequence of human 
PD-ECGF obtained by sequoncing proteolytic fragments of 
PD-ECGF. 

10 illustrates an innuncblot analysis of a 

human "placental extract . 

Pig. 11 shown (A) restriction map; sequencing 
strategy and (B) nucleotide sequence of human placental DNA. 

Pig. 12 illustrates (A) Southern blot analysis of 
human DM. and (B) Northern blot an&lysis ef placental UNA. 

Pig. 13 Illustrates (A and B) biosynthesis of 
recombinant PD-ECGF in NIH3T3 cells and IC) immunoblot 
analysis of NIH3T3 cells expressing recombinant PD-ECGF. 

Pig. 14 shows the chemotactic response to PD-ECGP 
by endothelial cells and smooth muscle cells. 

Pig. 15 illustrates (A and B) induction of 
angiogenesis by PD-ECGF on the chick chorioallantoic 
membrane and (C) inhibition of induction of angiogenesis by 
antibodies that react with PD-ECGF. 

Pig. 16 illustrates (A and B) Induction of 
angiogenesis in mouse al-1 tumors trans fee ted with cDMA 
clones expressing recombinant PD-ECGP. 

vascular endothelial cells make a functional 
monolayer between blood and underlying tissue. In a normal 
vessel wall, endothelial cells are known tc exist in a 
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quiescoht growth state. Proliferation of endothelial c lis 
is a koyj component t a numb r f biol gical processes such 
as wound repair, thrombosis, atheroscelorsis and tumor 
growth .^y Thus, factors that regulate endothelial cell : u 

prol if oration play a key 'role in these conditions. 

< ^-?^®-Pactors xth the ability to stimulate the formation 
of blood vessels are implicated as causative agents in 
angiogenocis of normal a malignant tissue, and this is 
reviewed by Folksnan and Klagsburn (1987a). The rr.cst 
well-characteri.-eci__iiiCtors in this category are FGFs which 
arc a family cf hcparin-bindir.c endothelial cell mitogens 
originally isolated fron ncurc! tissue but are also found in 
macrophages and other tissues. Another endothelial cell 
mitogen is PD-ECGF. 

Fb-LCGI' c r c> ; ; t r. - p r ri r ^ r i r. a activity car. be assayec by 
dotcrrining the incort;or;iti nr cf J H-tn:.*r.idine intc the DNA of 
endothelial colls. Colls typicilly used In the assay are 
porcine aortic cncotholial collr with bovine aortic 
endothelial colls, and human umbilical endothelial cells also 
being stimulated by PD-ECCF. other established, cultured 
endothelial cell lines can be used in the assay with porcine 
aortic ce' ' j being preferred for routine assays. 

Growth-promoting activity oi PL^-ECGF is also 
assayed by measuring coll proliferation. Zn this assi»y, 
fresh cells arc plated in culture and the actual number of 
cells present is determined and compared to a control that 
has not received PD-ECGF. The cultured cell linos sutable 
for this assay arc the sane as described in the 3 K-thymine 
incorporation assay. 

When assayed on FCF cultures PD-ECGF does not 
stimulate incorporation of 3H thymidine into DNA nor does it 
induce cell proliferation. 
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^ PD-ECGF from platcl ts, specially human platelets, 

has been purified in small quantities (Miyazono _t al. , 
1987) . It has thus far been characterized as a 45 JcDal 
j^A r polypeptide that is heat and acid labile, resistant to 
^reducing agents such as dithiothreitol and others, and 
. sensitive to "proteolytic degradation, especially by trypsin 
and other serine proteases, and any of a number of well 
characterized proteases. The availability of larger amounts 
of pure PD-ECGF allows at least a partial amino acid sequence 
10 to * be obtaine 4 in order to facilitate the cloning of its 
.gene. "> ; v :r -.-*.. ■ <- 

The purification of PD-ECGF is complicated by the 
fact that PD-ECGF occurs in low quantities in platelets and 
that its biological activity is both heat and acid labile. 
The process described by Miyazono ot aJ. (1987) is a seven 
step process using both conventional chromatography and Fast 
Performance Liquid Chromatography (FPLC) . The present 
invention contemplates an improved purification procedure 
that results in higher purity and substantially greater 
yields of PD-ECGF. 

The present purification process begins with a side 
fraction of a platelet lysatc in the purification of PDGF. 
This fraction is obtained by cation exchange chromatography 
on CM-Sephadex. The first step is anion exchange 
2 ^ chromatography in batch on QAE-Sephadex . Next, the pooled 
fractions are concentrated by ammonium sulfate precipitation 
at about 42% of saturation. The third step is also anion 
xchange chromatography but on DEAE-Sepharose. The next 
three steps are all chromatographic involving adsorption 
3o chromatography on hydroxy 1 apatite, anion exhange 

chromatography on Mono Q column attached to an FPLC system 
(Pharmacia), and gel filtration on a TSK-G4000 SW column. 
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The final step is hydrophobic interaction chromatography on a 
Supcrose 12 column. V^SBpS© 



The present invention is directed toTa^^ •. 
process having ewer steps for purification of^PD^ECGF that ; ^ 
results in ^bout l # 2SC, 000-fold purificction at^a^yicld of .''-iHS<- 
about 14%, preferably in five steps. ^m^^"% \ 

The process is the same as above up to:?and ^ '^r — 

including the DEAE-Scpharcse anion exchange chromatography. 
Other variations of the purification are also possible even 
up to this stage. For instance, the platelet lysate can be 
freshly prepared and need net b^ a side f ractiohjin the 
purification of another factor such as PDGF • The 
chnr.oatographic renins or.; ; c,\'cd as ccrcribcd above are 
prefcrcblo for the puri f ior. process but. c*.nc-r equivalent 
rccir.L that are corr.cr? . y av^iiablr: car. bo substituted 
with corr.nsrfcblc result.:. .\rr~r.lur culfato precipitation is 
also done at about 4.°* saturation? hevover, one skilled in 
the art can easily adiurt this amount as necessary to 
precipitate the ir.a::iir.ur arcur/. c: M>- ECG; activity. 

The improvcrcnt in the purification process is a 
reduction in the nur.ber c :* steps Jollowinq DEAE-Scpharosc 
anion exchange chromatnqraphy and speeding the process by 
using more rapid chrcratocraphic separation techniques that 
are provided by HPLC, FirLC and the like. The present 
process provides homogeneous ECGF in higher yields and 
evidencing higher biological activity than previously 
available. 

Specifically, thu fractions obtained from the 
DEAE-Scpharose step are pooled and subjected to high 
performance affinity chromatography on an hydroxy 1 apatite 
column* This is followed by a final purification step using 
high peformance hydrophobic interaction chromatography* The 
resin preferred for this step is alkyl-Superoao but other 
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hydrophobic resin ar suitable^ Such r sins arc als 
commercially available. ^6ne^>£ ' ordinary skill in the art can 
readily 'determine other suitable rosins*/^; 

Vv:?. : -in another aspect ;b£|the present invention, , < 

antibodies are raised to PD-ECGF. Antibodies are useful in 
identifying a source of tissues or cells ^hat rire expressing 
PD-ECGF, since platelets are enucleate colls, and therefore, 
do not contain DN'A for expression of the protein. The 
antibodies can be polyclonal or monoclonal either of which 
can be prepared by well known methods. 

J The antibodies^ of ^hc 'present invention are raised 
against homogeneous endothelial ecl 1 growth factor, 
homogeneous PD-ECGF cr recombinant FD-ECGF. The source of 
endothelial cell growth factor or PD-ECGF nay be fror. ri&rr.als 
or humans and is purified to a level of homogeneity 
appropriate for raising antibodies. Polyclonal antibodies 
are prepared in rabbits, goats, sheep and rodents by 
injecting pure or partially purified PD-ECGF into the animal. 
After a prescribed scries of injections, scrum is obtained 
from the animal and tested for the presence of the desired 
antibody. The means of identifying a polyclonal antibody 
against PD-ECGF include immunoblotting, EL1SA, Ouchtcrlony 
diffusion assay, radioimmunoassay, and other methods well 
krown in the art. (see for example, Johnstone et aK , 1982). 
In the case of immunoblotting, pure PD-ECGF is run on an SDS 
aery 1 amide gel and then transferred to nitrocollolose by 
electrophoretic transfer in an appropriate buffer. After 
residual protein binding sites are blocked by any number of 
blocking agents including bo vino serum albumin, Tw*en-20, 
non-fat dry milk, and gelatin or other blocking agents, the 
blot is treated with the antiserum to be testod. This is 
followed by detection of the bound antibody by a detection 
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^ means such as.. . I-Protein A with autoradiography or enzyme 
con3ugate^second antibodies which give a visible color or 

3; fluorescencegupon treatment with their substrate. 

. : ~ ^W^^^ oclonal antibodies against PD-ECGF are prepared 
by well-known methods. An outline cf one method is to inject 
^^■^^^P^^^^P^^) . PD-ECGF ;into a mouse, to remove its 
spleen^afterjaf -response to* the' antigen has been mounted, to 
fuse the Jantibody-procucing spleen cells to a myeloma line 
and to test the resulting hybridomas for production of an 

10 antibody that .reacts with PD-ECGF by screening the hybridoma 
CUl tu ^ e M^^^ ^^ ne Kie " hod of . screening is to use 
- i^ described, above. Alternatively, screening 

can be done by dot blotting or by irr.unof luorescence of a 
tissue or cell line that contains PD-ECGF. 

3^ T ^ e present invention provides a nucleic acid 

encoding the Vgene for endothelial ceil crovth factor. The 
nucleic acid may be a DKA or an RKA molecule, especially 
preferred is a complementary DNA molecule (cDKA) . The cDNA 
molecule contains the nucleotide sequence encoding a 

2Q mammalian or human endothelial cell growth factor. 

Alternatively, the cDKA contains the nucleotide sequence 
encoding mammalian or human PD-ECGF. The nucleotide sequence 
can be derived from the ammo acid of human placental PD-ECGF 
or from the amino acid sequence cf human platelet PD-ECGF. 

25 PD-ECGF differs from the placental source by ten amino acids 
and a single residue change of a leucine to a serine at 
Position 471. 

The cloning of the PD-ECGF gene requires 
indentifying a source of mRNA from a cell line or tissue that 

30 expresses PD-ECGF because the major source of PD-ECGF in 
platelets which are cells that lack nuclei. Several 
hematopoetic cell lines were tested for the presence of 
PD-ECGF using either a polyclonal or monoclonal antibody and 
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immunoblotting of extracts of these tissues. It might be 
expected that hemotopoetic cells would also produce PD-ECGF, 
since they are related to platelets; however, none of the 
lines examined produced PD-ECGF. Human placental tissue was 
tested in. the same manner and found to express PD-ECGF. 
Polyclonal;.; antibodies would be expected to cross react with 
PD-ECGFv.Jfrom other mammalian sources. Thus, other tissues 
from humans and mammals can be readily tested by these 
methods to determine if they express PD-ECGF and provide 
sources of mRNA for cloning the PD-ECGF gene. 

: ; Purified poly (A) + mRNA is isolated by procedures 
that are well known. The method of Han (1987) . is one such 
method, but others can be found in standard laboratory manuals 
on recombinant DNA technology. 

The selected mRNA is transcribed into a cDNA 
molecule using reverse transcriptase to make the primary 
strand, oligo (dG) tailing with terminal transferase and 
completing the double stranded molecule by priming with oligo 
(dC) primers* Other methods of preparing cDNAs for coloning 
can also be found in standard laboratory manuals on 
recombinant DNA technology. 

The cDNA is inserted into a replicable vector which 
may include bacteriophage derivatives, especially preferred 
are lambda phage vectors which include but are not limited to 
*AgtlO and 'Agtll. 

The desired clone can be detected by a number of 
techniques o Antibodies can be used when a replicable 
expression vector such aslgtll is used for the cloning. 
Radiolabeled oligonucleotides are useful in identifying a 
desired gene. The sequence for the oligonucleotide is 
deduced from the amino acid sequence of the PD-ECGF by the 
method of Lathe (1985) or by inspection of the genetic code 
for the given amino acid seuqence. Preferrably a region of 
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amino acid 3oquenc is select d that maximizes th us of 
unique codons. Oligonucleotides can b synth sized by 
well-known methods on automated DNA synthesizers and can be 
any length from about 15 to about 100 nucleotides. The 
sequence of the oligonucleotide probes of the present 
invention are listed* in the examples. Hybridization of the 
probes to clones carrying potential inserts is also well 
established and methods therefor can be found in standard 
laboratory manuals on recombinant DNA technology. 

. — Clones that carry the PD-ECGF gene arc sequenced by 
dideoxy chain termination by the method of Sanger or by the 
chemical method of Ma::an end Gilbert. 

The cDNA clones or PD-ECGF are useful for 
identifying homologous ger.c:- ir. rr.ammali;, determining the 
genomic-organization o' tho ?:»-!:CGr cone in mammals, 
identifying PD-ECGF gene trar.r.criptc, cloning the genomic 
gene, especially human, and in constructing expression 
vectors to produce recombinant PD-LCGF from mammals, 
especially humans. Identifying homologous genes and 
determining the structure of the genomic gene are done by 
Southern hybridization of total acnomic DNA. Cellular mRNA 
is analyzed by Northern blottina. Both Southern blotting and 
Northern blotting techmquus are widely practiced and the 
methodology therefor is available in standard laboratory 
2^ manuals on recombinant DNA technology. To clone the gonomic 
PD-ECGF gene, the technology described in this invention is 
used except that the source of DNA is genomic DNA, and the 
hybridization probe is the cDNA clone rather than the 
oligonucleotides • 
^ c The deduced amino acid sequence of human placental 

PD-ECGF differs from human platelet PD-ECGF by one amino acid 
at position 471 where a leucine residue replaces a serine 
residue identified by direct amino acid sequencing. Zt also 



20 



35 



-16- 



10 



15 



20 



25 



30 



contain d t n additional amino acids at th amin t minus of 
the protein. It is unknown if this difference is the result 
of a processing event. Other variants of PD-ECGF may be 
cloned from other tissue sources such as bovino or porcine 
placental tissue and other tissues. / These variants arc 
useful for replacing* human PD-ECGP in therapeutic uses that 
are described below. vjif 

Such vectors contain one or more selectable markers 
for maintainence of the plasmid and DNA sequence elements 
that are operably linked to a gene to control expression of 
that gene. These DNA sequence elements include promotors, 
enhancer elements, transcription termination signals and 
polyadenylation sites. The latter three are not always 
necessary and will depend or* the replicable expression vector 
and the host system that is used to obtain expression. 
Promotors are DNA sequence elements that control gene 
expression. Prokaryotic promotors that are useful include 
the lac promo tor, the trp promoter, the P„ and P R promotors 
of lambda and the T7 polymerase promo tor. Eukaryotic 
promotors are also useful in the invention and include 
promotors of viral origin and yeast promotors, especially the 
Molony Leukemia Virus LTR. 

Expression of PD-ECGF is obtained by subcloning its 
gene into a replicable expression vector. Replicable 
expression vectors that are suitable for expression of 
PD-ECGF include bacterial and bacteriophage vectors that can 
transform such hosts as E. coli, B. subtilis and other 
microorganisms. Many of these vectors are based on pBR322 
including Bluescript (commercially available from Stratagene) 
and are well known in the art. Bacteriophage vectors that 
are used in the invention include lambda and Ml 3. 

Other suitable vectors for PD-ECGF expression are 
derived from eukaryotic sources. Expression vectors that 
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function in y ast and cell culture are used to express 
PD-ECGF. These vectors includ ?yeast plasmids, retrovirus 
vectors , BPV vectors , bacullovirus vectors, and other viral 
vectors. Tissue culture cells fthat are used with eukaryotic 
replicable expression vectors include NIH3T3 colls, mouse L 
cells, COS-7 cells, HeLa cells/and other extablished cultured 
cell lines, UIH 3T3 cells are preferred. 

The replicable expression vectors of this invention 
are made by subcloning the cDNA insert from PL8 into the 
desired vector. In this invention, one replicable expression 
vector is plasmid pLJ, it contains the Molony leukemia virus 
LTR to drive the cDKA transcriptio^and a neomycin gene as a 
selection marker. When tho cDNA for PD-ECGF is subcloned 
into this vector, the plasnid pLPLSJ is made. This vector is 
transformed to KIH3T2 cells by the CaPC^, co-precipitation 
method. Analysis o£ a cci; iysate arc conditional ir.ediur. of 
one cell transformed v;ith pLPL85 revealed growth promoting 
activity for procine aortic endothelial cells in the cell 
lysate but not in the conditioned mcdoun. The activity is 
inhibited by PD-ECGF antibodies and upon immunoblotting with 
PD-ECGF antibodiec reveals the presence cf a recombinant 
PD-ECGF protein of 45 kDal . 

Other replicable expression vectors are constructed 
and tested in a similar manner. One skilled in the art has 
available many choices of replicable expression vectors, 
compatible hosts and well known methods for making and using 
the vectors. 

Transformant microorgansims and cultured cells arc 
made by introducing a replicable expression vector into the 
system by transformation. Processes for transformation are 
well known in the art and include CaCl 2 treatment and 
electroporation of bacterial cells, CaPO^ co-precipitation, 
protoplast fusion and electroporation for eukaryotic cells. 
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1 The dotailcd methods f r th s techniqu s can b found in 
standard laboratory manuals on rec mbinant DNA techn 1 g 
Homogeneous PD-ECGF was sequenced at the prote 
level and has the sequence i 
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Rec mbinant PD-ECGF was s qu need at the DNA lev 1 
and th gone has a nucl otidc scquenc encoding PD-ECGP and 
flanking regions which are indicated below: 

t *r**—x+* cnmttt* t%f"Vl rrrf^«r ffcrrrx ' • 
• i wrwrm afuy^frr '/r .Mwi r^**ffw. » 

t#i tff m «• ire f fc A vp crt IS* tiiJA^AA* i;i 



*!• ftte Ue «*♦ t*e !#• «.< t r»* %t« f r» ft* »** #«, ', 

f* ft t ii tf* iff *!■ m lit rr ~u lu t - • 'tmrf *t - - 

#• ci* ftl# llf pet *•* 44 • •** tf« • %•* f »« 4|« »*• l*« turn. t», f , i* 

jat at* tvmiMrttMririiir iv Ms »-/- at t** st» *^ «r- «>• . . - 

•« !*• 1*4 4*4 4*4 4I» *lf t++ Im, At. *, # |«. | )# ft., • • 

mi «rt tn «t« Mf «** mt tf« «*t ^ * » #«* ir m vr «n tf» # - f • 

• ' nl *»# fta* «tf Wt 4i« \i* m» *.« *.,. |,» 4iV *,» m** 

Nirtt<«MriMutmeM«Mi'( t-n «n ft* »*e ir »<♦ eft »*t <• t 1 *. • 

• t ur. 4*4 44 f wm 4* U« II* «|« t*» Wr ••■ l». T*« %»• »|* |#. ... f , . 

«/l » *i t»t ft* «*t fi* *t4 C4t c~t fx. # ^ f«-. r»\ *tf tf. tar u.-, ft; i 

t*fl 41 • 4l* tM tl« Tf* ff» 41* 4|« tff *• M«, %»• t*« **t !•« PI* <*• *-* 

«■» ft-.f *n 4fit «*r 4M «f* MT ctt fct* e*- v» frt «rt m ^ V4 ?-.- 

(1* -Mt *«l Cl« M# 1,4 »4I «#« J» . t* . • • •«* t»» •■« 

••i *t» *t*»n »v «f-.t u.U^ M Uua faUktet ju. .11. uu iju i-. 

i«* »f« Ik* *•« -.t# Mi mi **. %-» ».i -vt, i: f ... -» 



- 1 ^ ^- f-- * " 



••• r*i I -.i* *• r*- ti. «(■ «|* v « - * •,. 

4 - , t _ ,. 4 4«r .1* ■ ... 

••• " *« t •* *• 4;« *. • . »» , f ♦ - l • f-. 



VI 



;#••■«••■•••.»*. », ,» •#•*,«•••.»..».., , # 

. *. • - ... ^4^. iUJu. i^JU*^.^ i„ i;. ;^ ... 

^ !»■ •••••• . • • #. . 

••• It* ►»••• t», - • ♦ I* ,»•«•».««, ..• • t . 

> ' UtUJUA^i*' t«iv ••• • v.. e*. -t* • . • # 

♦** •«# i»« tt) f# i«. w - llf |». itv, r, 9 t .. . 

v-* «ywt »t eft-, v fH w -.-t - - \*\ it %a vn ft*. 
•/• M» t*t ci« • * :i* <.<••*»••*,...» # » , # , F # „ . ... # , 

f.«1 »t «nr fV ft? *ft*. CM ftti JUi* LLL&AI XiL i-I il- • i_» 

....... ^^a..,,^ T'rrr: . _ntr:TrrT*rr:r^:: 

1/-. U.UUMMiUU.MM.M.X.U^Mfy m < x. . .. 

i«. «M C|« W# »«• ». t - . |», l## h, | , m . .... 

V* #M v» ff.f f-i Ji . . • • t .i t ... . , . , 

*•* '** fm * **• t#« it* Mr i.» ^ w l9 . t , , # 

• «»« M* fti« !•« ft|* »i« ». « 4 1# 9 ,« ( . . # .* f ^ 

t«f»«»-l«H(n fH *ff 4t» CM fh f«V< f*t ««% ft " f 'V 

«* Mf t«N* |*H *«t ft«ft tftl » »•« t»« ft»« ft*« t|» t*. ,#.»., 

!•« I «Hrv tvicir rv ff*> 4f4 f fr* ft ? v.' f44 *r« v %r |f«> V f% «4t f» • f • •■ 

Mt Ml 4f4 ft«p 4| r r#« 4*4 U* 4m 4t 9 rt« 41* 4M 4f« 4|* |*« 41- 4t< !• . 

fit tw m iif mi «t wi m «f vt iff m irf rw in m or .•^ . 

*M tf I Uf «M »« M$ fttft •«« ff«* 41* 4.* 4*. U» »• «*• 4»4 4»« I*. »•. 
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PD-ECGP 4timulftt44 choinotftxift and proliferation of 
ondothalial colls in vitro , and induc4s angiogenesic in 
vitro. Angiogeneais, tha formation of nav capillary blood 
vesaala by sprouting from preexisting vassals, is an 
important process in embryogenesis would healing, and organ 



-20- 



10 



15 



20 



25 



30 



regen ration. In addition, aberrant angiogenesis occurs in 
scv ral pathological conditions, such as in tumor growth, in 
certain retinopathies, and in rheumatoid arthritis. 
Angiogenesis is a comples process that involves several 
steps, including migration and proliferation of endothelial 
cells (Folkman ct al., 1987a). Certain polypeptide factors 
have been identified that stimulate this process, e.g. 
fibroblast growth factors, transforming growth f actor- 0^ and 
tumour necrosis factor, and angiogenin (Folkman et al . , 
1987a; Frater-Schroder ct &1. , 1987; Leibovich et aK , 1987). 
These factors elicit the angiogenic response either directly 
by virtue or their mitogenic and/or chemotactic activity for 
endothelial cells or by as yet unknown indirect mechanisms. 
Unlike these factors which have multiple effects on a wide 
variety of cell types, a human platelet-derived endothelial 
cell growth factor (PD-ECGF) specifically stimulates the 
growth of endothelial cells rn vitro (Miyazono et aK , 1987), 
e.g. it does not stimulate growth of fibroblasts. PD-ECGF is 
a 45 kDa protein distinct from previously known growth 
factors. 

Endothelial cell growth factor is useful in 
inducing angiogenesis, accelerating wound healing, preventing 
atheroscelorisis, and treating thrombocytopenia by 
administering a therapeutic amount to a mammal • It is 
preferred that homogeneous or recombinant PD-ECGF be 
administered in therapeutic amounts to mammals including 
humans. 

PD-ECGF also stimulates endothelial cell chemotaxis 
in vitro and induces angiogenesis in vitro in endothelial 
cells, especially the chick chorioallantoic membrane (CAM). 
Antibodies against the factor, which neutralize its mitogenic 
activity in vitro , also greatly inhibited the angiogenic 
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response. Thus, PD-ECGF is a novel angiogenic factor 
exhibiting target cell specificity towards endothelial cells. 

To identify the chemotactic domain of PD-ECGF Jthat 
induces endothelial cell chemotaxis in vitro , proteolytic 
fragments of PD-ECGF are tested for thexr ability to induce 
chemotactic responses of endothelial cells as described.^? > 
Proteolytic fragments are prepared by enzymatic or chemical 
hydrolysis of PD-ECGF, especially by serine proteases-like 
trypsin, by VS protease and by CKBR-induced cleavage. 
Fragments are purified by reverse phase HP66. The fragments 
are then tested in chemota>:is assays with mammalian ; 
endothelial cells, especially abovine and procine cells. r ''The 
chemotaxis assay is the same that is used for testing the 
chemotactic activity of native or recombinant PD-ECGF. 
^- The present invention shows that PD-ECGF is an 

angiogenic factor of a novel type. Stimulation of growth and 
chemotazis of endothelial cells are in vitro properties that 
PD-ECGF has in common with other known angiogenesis factors 
(e.g. the FGFs) . In contrast to these, however, PD-ECGF 
shows target cell specificity for endothelial cells in 
proliferation as well as chemotaxis assays. Thus, it can 
specifically and directly induce endothelial responses that 
are crucial for angiogenesis. PD-ECGF is the only 
endothelial mitogen present in a platelet lysate and may thus 
be an important factor involved in platelet mediated 
processes such as wound healing and the vascularization of 
thrombi. In addition, it may be of considerable importance 
as an intraluminal factor capable of regulating endothelial 
cell turnover if released from platelets. Endothelial cell 
proliferation inside larger vessels is important for the 
regeneration of damaged endothelium and thus probably 
important for the prevention of atherosclerosis. The 
availability of functionally active recombinant PD-ECGF 



20 



25 



30 



35 



-22- 



10 



15 



20 



25 



30 



combined with a high yi Id purification method cDNA clones 
and specific antibodies will now make it. possible to address 
questions related to the in vitro function of PD-ECGF, and to 
provide sufficient PD-ECGF for therapeutic use. 

, EXAMPLES 

Cell Cultures and Media 

Endothelial cells were collected from a fresh 

porcine aorta using collagenase digestion as described by 

Booyse et aK (1975). Cloning of the endothelial cells was 

performed by single cell platings as described originally by 

Puck et aK (1956). The endothelial cells were maintained in 
2 

25 cm culture flasks in Ham's F-10 medium containing 10% 
fetal bovine serum (FBS) and antibiotics, and subcultured 
using 0.25% trypsin solution (Gibco) when the cells reached 
confluency. There was no evidence of transformation or loss 
of the endothelial monolayer under these conditions for more 
than six months. Normal rat kidney (NRK) fibroblasts were 
obtained by the method described by Due-Nguyen et al^. (1966) 
and subcultured in Dulbecco's modified Eagle medium 
containing 10% FBS. 

Cell Number Determination 

For growth experiments, endothelial cells were 
subcultured at a plating density of 20,000 cells/dish in a 
3 5 -ram tissue culture dish (Corning) using Ham's F-10 medium 
containing 10% FBS. The cells were incubated for 24 h to 
allow for attachment, and then the medium was changed to the 
test media. The cells were removed from the dishes by 
incubating for 15 min. in trypsin-EDTA and cell number was 
determined in duplicate. The cultures were refed with fresh 
test media on Day 4. 
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Preparation of Platel t Lysate 

Blood was collected from normal yolunt rs in 
citrate-phosphate-dextrose solution, and fresh platelet-rich 
plasma was obtained by centrifugation at 160 g for 20 min at 
20°C. The upper four-fifths portion of platelet-rich plasma 
was ccntrifuged at 1700 "for :20 min, at ~20fC# and the 
platelet pellet was suspended in 10 mtt Tris HC1 (pH 
7.4)/150 mN* KaCl/0.01 % polyethylene glycol (PEG) • The 
platelets were washed twice with the same buffer in the 
centrifuge and sonicated for 1 min. By this method, # 
ery thocy tc _ and leukocyte contamination in the last platelet 
suspension was less than 0. IV. Sonicated platelets were 
ccntrifuged at 48,000 c for 20 ir.ir. . at 4 C C and the 
supernatants were used os platelet lysate. About 2 ml of 
platelet lysate was cbtair.ee fror. 200 ir,l of whole blood. 
Further operations were performed at 4 r C, unless otherwise 
specified. 

Assay for Growth Promoting Activity 

Growth promoting activity was determined by using 

porcine aortic endothelial cells as indicator cells, as 

previously has been described (Kiyazono at aK , 1985 a, b) . 

Endothelial cells, cultured in Ham's T10 medium supplemented 

with 10% fetal bovine serum (Flow Laboratories) and 

antibiotics, were subculturcd weekly at a ratio of 1 to 20. 

Por mitogenic assay, the cells were trypsinized and re-plated 

4 

sparsely (approximately 1 x 10 cells per well) with 500 ul 
of Ham's F-10 medium containing 0.5% fetal bovine serum and 
antibiotics in 24 -well tissue culture plates (16 mm diameter, 
Costar) . After 24 h of incubation, the test samples were 
30 added to the wells. 18 h later, [ 3 H] -thymidine (0.2 uCi/well; 
6.7 Ci/mM, New England Nuclear) was added. After an 
additional 4 h, the colls were fixed with ice cold 5% (w/v) 
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trichloroacetic acid for 20 min. The resulting precipitat s 
wer washed extensively with water and solubiliz d with 200 
ul of 1 MiNaOH. After mixing at room temperature for 20 min, 
200 ul of /l K HCL was added to the wells. I 3 H J -radioactivity 
was then determined in a liquid scintillation counter using 
20 ml of Vlnstagel (Packard) per sample. 

Purification of Platelet-Derived Endothelial 
Cell Growth Factor froir. Human Platelets 

Assay - Growth factor activity .was monitored 
throughout the pur if ication procedures using porcine aortic 
endothelial cells as target cells as described above. 

Grov;th promoting atftivity on human foreskin 
fibroblasts was assayed by the ret hod by Betsholts and 
Westermark (1984) . 

General - During the purification, plastic utensils 
were used to decrease the loss of activity by adsorption to 
glass surfaces. All operations were performed at 4°C, unless 
otherwise specified. Protein concentration was determined by 
the dye fixation assay of Bradford (1976) , unless otherwise 
specified. 



Preparation of Platelet Lysate - For the purification of 
endothelial cell growth factor, a side fraction from the 
purification of platelet-derived growth factor (PDGF) from 
human platelets (Heldin et ah, 1987) was used. The first 
step in the purification of PDGF from platelet pellets is a 
chromatography on CM-Sephadex. The cationic PDGF is adsorbed 
to this column. Since endothelial cell growth factor in 
human platelets is an anionic protein, it was not adsorbed to 
the CM-Sephadex column in the initial step of the 
purification of PDGF (Heldin et ah , 1987). As expected, the 
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flow-through fraction was found to contain growth promoting 
1 activity for endothelial cells, and was used as storting 
material in the purification. About 15-liter of the 
non-adsorbed fraction was processed at a time; this was 
derived from about 900 1 of fresh human blood. The 
5 non-adsorbed fraction was stored in 5 1 containers at -20»C 
for up to 10 years until used. 

OAE-Sephadex Chromatography - The non-adsorbed fraction from 
CM-Sephadex chromatography was thawed and processed to 
10 CAE-Sephadex chromatography. Dry OAE-Sophadex eel (0.7 c/I; 
A-5C, Pharmacia) was added and mixed by shaking overnight. 
The gel was then allowed to sediment and, after the 
non-adsorbed fraction was discarded, it was poured into a 
colunr. (60 x 5 cm, Pharmacia) . The column was washed with 4 
15 1 of 75 n-.v. KaCl in 10 mil phosphate, y\l ar.c cluted with 

2.5 1 of 250 mM NaCl in 10 mM phosphate, p!L 7.4.. 

The bulk of the activity bound to this column and 
luted between 75 and 250 m>: KaCl at P H7.4. This resulted in 
a 25-fold purification estimated by the protein recovered, 
20 and ar. assumed recovery of 80* in this step. Since the 
growth promoting activity in the atartinc material was 
variable, maybe due to the presence of inhibitory substances 
(see below), the yield in this seep could not be determined 
exactly. 

25 

Ammonium Sulfate Precipitation - Ammonium sulfate (247 g/1, 
42 i of saturation) was added to the eluate of QAX-Sephadex 
chromatography. After equilibration for 2 h at 4°C, the 
sample was centrifuged at 2,075 x g for 15 min. The 
30 precipitate was collected by centrifugation and resuspended 
in 50 mM NaCl in 10 mM bis (2-hydroxy lathy 1 ) amino-tris- 
(hydroxymethyl ) methane (Bis-Tris) , pH 7.0. 
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At neutral p!l, 421 saturation o£ amm nium sulfat £0- 
precipitated about 90% of the activity, while only 9% f 
protein was coprecipitated. This procedure led to a lO-foiUgg 
purification with abut 700 mg of protein remaining in 2C0 trig. 
of volume. ;■• 

DEAE-Sepharoso Chromatography - The material obtained by : 
ammonium sulfate precipitation I approximately 7CC mg of 
protoin in the volume of 200 ml) was treated with 5mM 
dithiothreitol at rocrr. temperature for 2 h. The sample was 
then dialyzed extensively against 50 r-". ::aCl in 10 sK 
BLa-Tvis, pH 7.0, and applied tc a column of DEAE-Sopharose ^ 
CL-6B (40 ml> Pharmacia). The coiur.r. was washed with 100 ml 
of 50 m>: NaCl ir. 10 ir.V Lis-Trif huff or, cH 7.C, ar.d oluted 
with a linear gradient (8GC r.:» of NaC! fror. 5C to 200 n>: in 
10 mK Bis-Tris, pi! ~.C, at a flnw rate c^ 120 ml /nr. 
Fractions of 20 ir.l were collected ar.d analyzed for protein 
and growth promoting acti\ity. 

The endothelial coll growth promoting activity 
eluted at about 120-150 mM of NaCI at pH 7.0. This step led 

to a further 6-fold purification at a recovery of 5C% 

(Fig. 1) . 



Hydroxy 1 apatite Chromatography 

The active fractions from DEAE-Sepharoso 
2 "* chromatography (approximately 60 mg of protein) woro combined 
and loaded directly onto an 8 ml column of hydroxy 1 apatite 
(CI ark son Chemical Co.t Williamsport , PA) equilibrated with 
50 mM NaCl, 0.6 mM phosphate, pH 7.4. The column was washed 
with 80 ml of tho same buff or, eluted with 50 mM NaCl, 15 mM 
phosphate, pH 7.4, followod by 200 mM phosphate, pH 7.4. 
Fractions of 8 ml were assayed for protein and growth 
promoting activity. 
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Hydroxy 1 apatite chromatography gave \Ta ^further 

4-fold increase in specific activity (FigVM2:)V^Almost all 

' . J-. - ::. * j&Xl&ftW *> 

the protein bound to the gel /and the growth ^promoting 

activity^eluted at 15 mM phosphate, whereas ^the bulk of 

protein^eVuted at a higher concentration of phosphate. The ;y... 

recoverv5fbf ^the activity : was 'about 55% ih^thisfstep, and VV'JSS! 

about 8 >mg 'of protein remained. * -: v ^M^^®?1v33">- 

* Final purif ication^bf the growth factor was. 

achieved using ion exchange and high-resolving gel 

chromatography columns attached to a fast-performance liquid 

chromatography (FPLC) apparatus. .:. . . \ ^ih^MM^^^^ 

Mono Q Chromatography 

The a tive fractions of the hydroxy 1 apatite 
chromatography were pooled, centrifuced at 90,000 :; g for 30 
min at 4°C, and applied directly to a Mono C column (HR 5/5, 
Pharmacia). This column and the following two (TSK-GrOOO SW 
and Superose 12) , were attached to an FPLC-apparatus 
(Pharmacia) and operated at room temperature, ^he column was 
eluted at a flow rate of I ml/nin with a gradient of 0-500 mM 
NaCl in 10 mM Bis-Tris, pH 7.-G. Absorbance at 280 nm was 
monitored* Fractions of 1 ml were collected and tested for 
growth promoting activity. 

A single peak of growth promoting activity was 
obtained at 120 mM NaCl at pH 7.0 (Fig. 3). This step led to 
a further 4-fold purification with 50% of recovery. 

TSK-G4000 SW Gel Chromatography 

The active fractions obtained from Mono Q column 
chromatography were pooled, lyophilized without prior 
dialysis and dissolved in 200 ul of water. The aliquot was 
then applied to a TSK-G4000 SW column (7.5 x 600 mm, LKB) 
with a precolumn (Ultropac column, 7.5 x 75 mm, LKB) . The 
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column was equilibrated with 100?nM phosphate, pH 6.5, and 
1 eluted at aVflowjrate of 500 .ul/min: The absorbance of the 

column effluentjwas monitored atv280 nm. Each 500 ul 
,v.J; : fraction was col Yected and testedgf or growth promoting 

-'"•' activity' %>'"."-* - ■'' 'V'.o.^'-''..'.V- 

; The.resuit;!was a sing^broad peak of activity 

eluting anomalously 1i ate, at' a f|os^ion corresponding to a M r 

of less than' =12^000 (Fig. 4) . The recovery of the activity 

was 30% giving a 4-fold increase in specific activity. 

10 . - •'• - < " 

Superose 12 Gel * Chromatography ••»&■-:•.;- 

The active 'fractions ^ottainec from TSK-G4003 SW 
chromatography were pooled, cialyzed using Spectrapor 
dialysis tubing (K r cutoff, 3,500, Spectrum Medical 
Industries, Inc.) against 100 mX KaCl , 10 mM 
^ 4_(2-hydroxyethyl)-l-?iperazine-ethanesulfonic acid (Hepes) , 

pH 7.0, and then lyophilized. The material was resuspended 
in 100 ul of water and run on a Superose 12 column (HR 10/30, 
Pharmacia) in 200 mK KaCl, 10 mK Hepes, pH 7.0. The column 
was eluted at ajflov rate of 400 ul/min and monitored with 
the absorbance at 280 nm. Fractions of 200 ul were collected 
and assayed for growth promoting activity. 

This procedure yielded a single sharp peak of 
bioactivity with an elution position between bovine serum, 
albumin and ovalbumin, well separated from the majority of 
25 protein (Fig. 5A) . The increase in specific activity was 
12-fold in this step at 30% recovery, giving 2 ug of pure 
material. The protein concentration in the purified fraction 
was estimated by comparing the intensity of the bands after 
sodium dodecyl sulfate (SDS)-gel electrophoresis and silver 
3° staining, with those of standards of bovine serum albumin. 

The protein compositions of the fractions from the 
Superose 12 chromatography step were analyzed by SDS-gel 
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el ctrophoresis and silver staining (Fig. 5B) . A homogenous 
h, protein with:4K r of 45,000 exactly coeluted with th growth 
|ft promoting activity, suggesting that it represents the growth 
Ijffactor. A similar mobility was observed when the samples 
: > 47 . were analyzed under non-reducing conditions (Fig. 5C) , 
^Vsuggesting^halithe endothelialjoell growth factor from 

platelets Isfcomposed of a single polypeptide chain. 

A summary of the purification procedure from 200 g 

of platelet protein is shown in Table 1. The overall 

increase in activit" was about 1,000, 0,0p r fold at a recovery 
10'"' , , ft ■ 
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TABLE 1 

Summary of the Purification of Platel t-D rived 
Endothelial Cell Growth Factor 



5 



10 



- ' max 

purification stimulation purification 

step protein (ug) (ng/mL) (x-fold) yield (%) 

platelet 200 000 000 * 1 100 

lysate <flow- • — 

through from 
CM-Sephadex) 

QAE-Sephadex 6 000 000 1 000 000 20 a 80 a 

ammonium T0C 0CC ICC 000 200 70 

15 sulfate pptn 

DEAE-Sepharose 60 0CC 17 000 1 200 36 

hydroxyapatite 8 000 4 000 5 000 20 

Mono Q 1 000 1 000 20 000 10 

20 TSK-C4000 SW 70 240 83 000 3 

Superose 12 2 b 20 1 000 000 1 

a The growth promoting activity in the platelet lysate was 
variable, maybe due to the presence of growth inhibitors 
25 (see, discussion). Therefore, the specific activity of 

the starting material could not be accurately determined. 
The purification in the QAE steps was estimated at 
20-fold, based on the amount of protein recovered and an 
assumed recovery of 80% of activity in this step. 



30 



Protein concentration was estimated by the relative 
intensities of bands in silver stained SDS-gels. 
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Improved Purification Protocol for PD-ECGF 

The initial steps of the prufication wer performed 
as described above. As the next step, chrmoatography on an 
HPLC-grade hydroxylapatite column was used. 

Chromatography on a High-P erf ormance 
Hydro>:yl apatite Column . The material obtained from 
DEAE-Sepharose chromatography was' filtered through a 0.22 um 
filter (Millipore) and loaded at room temperature onto a 
high-performance hydroxylapatite column (100 x 7.8 mm; 
BioRad) equipped with a guard column (50 x 4.0 mm; Bio-Rad) . 
The" column was preecuil ibrated with 1 my. phosphate buffer, pH 
6.8, 50 mM NaCl, and 0.01 m!'. CaCl 2 and oluted at a flow-rate 
of 0.5 mL/min with a gradient of 1-100 mM phosphate, pH 6.8, 
50 mK NaCl, and 0.01 mM CaCl.,. The column was then washed 
with 1 K phosphate buffer, pH 6.8, and C.01 mM CaCl.,. 
Fractions of 1 mL were collected and tested for 
growth-promoting activity on porcine endothelial, cells. 

PD-ECGF bound to the gel in 1 mM phosphate buffer, 
pH 6.8, and was eluted with a linear gradient of phosphate 
(as indicated in Fig. 6A) . The recovery of activity was 
20 about 32% in this step. Individual fractions from the 

chromatogram were analyzed by SDS gel electrophoresis and 
silver staining; the growth-promoting activity coeluted with 
two components of 46 and 44 JcDa and some other components 
(Fig. 6B) . 

25 Chromatography on an Alkvl-Superose Column. The 

active fractions from the high-performance hydroxylapatite 
chromatography were pooled and mixed with an equal volume of 
2.8 M ammonium sulfate (HPLC-grade, Bio-Rad) and 100 mM 
phosphate buffer, pH 6.8. The material was applied to an 

• 30 alkyl-Superose column (HR5/5, Pharmacia) , preequil ibrated 

with 1.4 M ammonium sulfate/100 mM phosphate buffer, pH 6.8, 

• and eluted with a gradient of ammonium sulfate from 1.4 to 
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0 M in 100 „M pho.pat buffer. pH 6.8 as V***^ 
1 7A. The flow-rate was 0.5 ml/»in end the e»l~» 

« room temperature. The absorbane of th «=° lu » n . fl - f f["*"' 
v.s monitor^ at 280 nm. Fraction, of 500 ul were collects 
and assayed for grwoth-promoting activity. - 
5 Final purification was achieved by hydrophobic 

"eta matography using FPLC. The pooled fraction, fro- the 
"gh-perf orlnee ^^^^^ 

*> decreasing gradient of amnoniur sulfate in 100 mK phosphate 
buffer. PH 6.8. A .ingle pc.K of growth-promotin, 
was obtained at about C.« * ««r.l«. sulfate <r ,. 
incre..e in .pacific activity «. 50-fcld in thl, r.tep at a 
r covery of 82t. The protein co^o.ition. of individual 
" faction, of the auyl-supcro.. chro^togran were ana yxod by 
SDS gel el.ctrophore.l. and .liver .t.inln, (fig. 7B), .,.1". 
th. active fraction, contained the principal two component. 

, 46 and 44 «... indicating that PD-KOF «.. ...enti.lly 
pure. When the purified material was an.ly.ed under . 
20 I nreducin, condition., band, of th. '•*-» "-» f^. 
(Fig. 7C) . Furthermore, a very f.lnt band of M, 42.000 v.. 
reproducibly found. Th. proportion of th... prot.in. In the 
.Uver-.talnod ,.1. differ.d fro. preparation to P"P»»"°"' 
but th. 46- and 44-kD. component, wer. .Way. pr.domin.nt. 
25 A summary of th. purification procdur. starting 

from 300 g of plat.l.t protein, corr..pondlng to _ 
approxlmafly 800-1000 I of human blood. 1. .hewn in fbl. 2. 
About 34 ug of pur. ro-KOF wa. obtained from each 
Separation. The m.t.rl.1 w.. purified 1.250.000-f.ld .t an 
30 overall yiald o£ about 14%. 



!• 35 



Summary 



-33- 
TADLE 2 

f the Purification of PD-ECCP* 



max 

5 purification stimulation purification 

stop protoin (ug) (ng/raL)' <x-fold) ^ yield (%) 



platolet 300 
lysate (flov- 
through from 
CM-Sephadex) 


000 


000 




b 


1 


b 


• 


QAE-Sephadcx 12 


000 


000 


i doc^ 

• 


000 


20 b 


80 




amaoniuin 
sulfate pptn 


800 


COO 


8C 


000 


250 


58 




DEAE-Sepharoso 


30 


ccc 


10 


COC 


2 000 


53 




high~per f ortnoncc 
hy dr oxy apa t i t o 


2 


00G 




80C 


25 000 


17 




alkyl-Suporote- 




a • • - 




K. 


i 25C 0C0 


14 





20 • The results represent moan values of four individual 
preparations . 

b The growth-promoting activity in platelet lyseto was 
variablo, maybe due to the proaence of growth inhibitors 
25 (Miyazono, ot al., 1987). Therefore, the purification in 
the 0AE-8ephadex chromatography was ostimated at 20-fold 
on the basis of tho amount of protein recovered and an 
assumed recovery of 80% of activity (Miyazono, et al., 
1987). 

30 

c Protein concentration was determined by amino acid 
analysis* 
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SDS-Gei Electrophoresis 
1 ^ SDS-gel electrophoresis was performed according to 

theSethod described i'by Blobel and Dobberstein, 1975. 
Briefly, samples we^heated (95-C, 3 min.) with or without 
10 imM dithiothreitoVp and applied to a gradient gel - ^ 
5 cons'is'ting^f 10^i8t| P Siyacyl amide. ^The gel was fixed with 

glutaraldehyde af te^lectrophoresis^nd then silver stained « 
(18). h markers' (Pharmacia) containing phosphorylase b 
(94,000)* bovine serum albumin (67,000), ovalbumin (43,000), 
carbonic anhydrase (30,000) , soybean trypsin. inhibitor 
10 (20,100) and a-lactalbunin (14,400) ?were used. 

structural Analysisand Ami no" Acid Senuence of PD-ECGF 

About 40 ug of pure PD-ECGF was reduced and 
pyridyl-ethylated, and ther. desalted using narrow-bore 
15 reversed phase HPLC. The material was then subjected to 

tryptic digestion followed by separation of the fragments on 
a narrow-bore reversed-phasc HPLC column eluted in 0.1% 
trifluoroacetic acid with a gradient of acetonitrile. 

For reduction and pyridyl-ethylation, PD-ECGF was 
20 first desalted on a C4 column and then dried in a Speedivac 
Concentrator and redissolved in 200 ul of 6 M guanidine-HCL, 
0.25 M Tris-HCl, P H 8.5 and 2 mM EDTA, containing 100 ug of 
dithiothreitol . The solution was flushed with nitrogen for 
20 s and left at room temperature for 3 h, at which time 2 ul 
25 of 4-vinyl -pyridine was added. After another three hours at 
room temperature, the sample was desalted by chromatography 

n the C4 column in the trif luoracetic acid/acetonitrile 
buffer system. The volatile solvent was removed as above and 
PD-ECGF was digested with TPCK-Trypsin (Sigma; enzyme to 
30 substrate ratio, 1/50 (w/w) ) in 0.1 M ammonium bicarbonate, 
containing 2 M urea, for 4 h at 37»C. The tryptic fragments 
were immediately loaded onto a narrow bore reversed-phaae 
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HPLC. The chromatographic equipment consisted of a dual pump 
LKB system, adapted for narrow bore chromatography and 
equipped with a variable wavelength detector. The column 
temperature was kept at 35°C f the flow rate was 100 ul/roin 
and the effluents were monitored at 220 nm. Fractions were 
collected manually fin polypropylene tubes. " } 

' v-'^;*-" The separation of tryptic fragments of PD-ECGF is 

illustrated in Figure 8A. Approximately 40 ug of 
trypsin-digested PD-ECGF was loaded onto a C4 reversed phase 
column (Brownlee Aquapcfre BU-300; 2.1 x 30 mm and eluted with 
a linear gradient of acetonitrile in 0.1% trifuoracetic acid. 

Non-homogenous peptides were rcchromatocraphed 
under different conditions (examples are giver, in Fig. 83-E) ; 
Figures 8B, 8D and and 8E illustrate rechromatocraphy of the 
material under peaks T1&, T9, 75; T4, T21, T18; and T7, T13, 
respectively, of Figure 6 A. The samples were diluted 
three-fold with 0.1% trif luoracetic acid and loaded onto a 
Brownlee Spheri-5 RP-18 column (2.1 x 30 mm) . The column was 
eluted with 0.1% trif luoracetic acid and a linear gradient of 
acetonitrile indicated. Figure 8C shows icchromatography of 
the peptides under peak T12, T22 of Figure 8A. The column 
used was the same as in Figure 8A, but it was eluted with 
0.15 M NaCl in Milli-Q water with a gradient of acetonitrile 
as indicated. 

Single peptides were then subjected to N-terminal 
amino acid sequencing using a gas phase sequencer. (Applied 
Biosystems Protein Sequencer, model 470A, with an on line 
PTH-analyzer, model 120A) . Sequence information from a total 
of tryptic peptides was obtained (Fig. 9) • Additional 
sequence information was obtained by N-terminal sequencing of 
intact PD-ECGF, and by analysis of fragments obtained by 
digestion with CNBr of Staphylococcal V8 protease, using 
similar amounts of starting material. 
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In Fig. 9, tryptic fragments arc indicated by 
1 (/...) and designations refer to peaks in Fig. 1. N-t rminal 

sequence (/ ) , Staphylococcus protease V8 fragments (/♦♦+) 

and a CNBr fragment (/—») of PD-ECGF are also indicated, as 
well as cysteine residues (*), a potential N-glycosy lotion 
site (#), and a possible site of polymorphism (8). Internal 
repeats are overlined. 
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Preparation of Antibodies to PD-ECGF 

To aid in cloning of cDSA for PD-ECGF , a specific 
polyclonal antiserum against PD-ECGF was raised and used in 
immunoblotting to localize a source of production of PD-ECGF. 

The antiserum was prepared by diluting pure 
PD-ECGF to a concentration of 20 ug/ml in 10 mM phosphate 
buffer,, pK 7.4 with 150 mi: KaCl . Then, ten micrograms of 
pure PD-ECGF was mixed with an equal volume of Frcund*s 
complete adjuvant and injected intramuscularly into a rabbit. 
The rabbit was boosted 2 weeks later with 10 ug of PD-ECGF in 
Freund's incomplete adjuvant. After that, the rabbit was 
boosted every 2-3 weeks with 5 ug of PD-ECGF in Fround's 
incomplete adjuvant. The immunoglobulin fraction was 
purified by applying 4 ml of immune serum to a 2-mL column of 
protein A-Sepharose (Pharmacia) equilibrated with 100 mM 
phosphate buffer, pH 7.4. Tho column was washed with the 
sane buffer and then eluted with 50 mM citrate buffor, pH 
3.0. The eluate from the column was rapidly neutralized with 
1 M Tris-HCl, pH 7.4. 

Since PD-ECGF occurs in platelets, several 
hematopoietic cell lines were tested, but none was found that 
synthesized PD-ECGF. A strong 45 kDa band was, however* 
found when an extract of a term human placenta was analysed 
by immunoblotting. The human term placenta was mincod and 
homogenized with 4 volumes of phosphate buffer saline (PBS). 
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To th homogenate was add d ammonium sulfat at 28% 
1 saturation; after centrifugation additional ammonium 
was added to the supernatant, to 42% saturation. The 
precipitate, recovered after centrifugation, was dissolve^ in 
PBS. Samples of 100 ng of PD-ECGF, purified from humanly 
5 platelets as described previously, and 375 ug of ammonium 

sulfate fractionated human placenta extract were subjected ^o;o 
SDS-gel electrophoresis in 10-18% gradient polyacryl amide gel 
under reducing conditions, and transferred to a 
nitrocellulose membrane in a buffer containing 20% ethanol, 
10 150 mM glycine, and 20 mM Tris-HCl, P K ; 6.4, at 200 nA. ..The^ 
nitrocellulose membrane was incubated in ISO m>: KaCl , 10 mM 
Tris-HCl, pH 7.4, 10% bovine 'seruir. albucin to block 
non-specific binding, incubated ir. c 1 : 5C dilution of a 
specific rabbit PD-ECGF antiserum v:ashed twice with 150 «nK 
15 Nad, 10 mK Tris-HCl. P F *r.d tvic. vith 150 *X Nad. 10 

mK Tris-HCl, pi: 7.4, 0.05r Triton X-l 00. The nitrocellulose 
membrane was then incubated with U5 :-labelcd Staphylococcal 
protein A (5 x 1C 5 cpn/ml) , and washed as described above. 
Blots were subjected to autoradiocraphy. PD-ECGF purified 
from platelets occur, as a doublet of about 45 kDa, probably 
due to proteolysis during preparation. 

Figure 10 illustrates an immunoblot analysis of a 
human placenta extract (lane a) and PD-ECGF purified from 
human platelets (lane b) using the PD-ECGF polyclonal 
antiserum. 
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eDMA Clon*«<| of PD-ECGF 



A. Preparati on of cDNA 
30 A cDMA library waa therefore constructed in AgtlO 

using poly(A)*RNA from human placenta. 
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Total RNA was isolated from a human placenta of ^ 
22-gestational-weeks by the method of Han, et al. (1987). 
Poly (A) + RNA was purified by chromatography on an oligo(dT) 
column. A cDNA library was constructed in ^gtlO following 
the method described by Watson ct al . (19851 with some 
modifications. For synthesis ' pf the first ^strand, cloned 
murine leukemia virus reverse transcriptase MBethesda 
Research Laboratory) was used. Following the first strand 
synthesis, oligo(dG) was added to its 3' end by terminal 
transferase. Second strand synthesis was primed by addition 
of an external primer of oligo (dC) , as : well|as I internal RNA 
primers made by RNaseH. 

B. Selection of 01 igonucleotidcs and Screening 

The ir.forr.atior. fron anino acid sequencing of 
peptides was used to select and synthesize five unique 

1 igonucleotidcs. Five unique oligonucleotides were deduced 
from the amino acid sequence by the method of Lathe (1965) 
and prepared by an Applied Biosys terns DNA synthesiser 38 1A. 
The oligonucleotide sequences were as follows: 
228, 

5 • TGTCTGGGCCATGCCCTGGAGGTGGAGGACGCCCTGCTGTGCATGGATGGCGCT- 
GGCCCCCCTGACCTGCGG3 ' 

231, 5 * GTGGCTGCTGCCCTGAC AGCC ATGG ACAAGCCCCTGGGCCGG 3 • t 
240, 

5 • GGCCTGCGCCACACAGGCGGCACCCTGGACAAGCTGGAGTCCATCCCTGGCTTCAATG- 

TGATCCAGTCCCCTGAGCAGATGCAGGTGCTG3 ' » 

258, 

5 • GCCCCCCCTGCCCCTGAGGACTTCTCTGGCGAGGGCTCCCAGGGCCTGCCTGACCCC3- 
'I 

259, 

5 • GTGCCTGCCCAGGGCGTGGACCCTGGCCTGGCCCGGGCCCTGTGCTCTGGCTCCCCTG- 
CTGAGCGGCGGCAGCTGCAGCC 3 ' . 
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These oligonucleotide pr bes were lab led by 
1 end-tail ingfwith a 32 P-dCTP and deoxynucleotide terminal 
trans ferascfor were used as templates to synthesize 
radiol abelcdt complementary strands by oligonucleotide 
primers /'-.a jpP-dCTP and Klenpw fragment. ' 
5 -f lp placenta library was screened with individual 

oligonucieotidc probes. About three hundred thousand 
independent clonce from the hur.ar. placenta OgtlO cDKA 
library were plated and filter replicas were made using 
ffybond K r.yAoti filters (Amcrshcn.) . The filters were 
10 prehybridized in a solution of 20* formar-ide, 5 x SSC 
(SSC-150 mM NaCI, IS iaX sodiur. citrate), 50 eK sodium 
phosphate, pf! CD. 1 r.r. sodiur. pyrc:;hc3 P hatc , £ :•: Denhardfs 
solution, 5C ue/sl denatured salr.cr. fterr DN'A and 10C uM ATP 
for 6 h at 42*C. Tnoroa: tcr . labeled ol igonucicctide probes 
15 were added tc tho solution ar.= ir.suhat ion prolonged for an 
additional 12-16 h. filters wore- washed lour tires with 
0.2 x SSC in O.iv sodiur. dodecy Isul fotc (SDS) for 20 r.in each 
time. Washing temperatures were varied frcm 37°C tc 42 C C 
according to the ol iaonucleotiac length. Filters were 
20 xposcd to Kodak »Onat AP filr? with Dupont Cronex 
intensifier for 12-4B h. 

Three out of three hur.ored thousand clones were 
positive with two of the five probes, probes 228 and 240. 

2 ^ c. Subclonino and Sequencing 

The three clones, >PL5, >PL7 and "\PL8, were 
isolated and the cDKA inserts were subclonos. The original 
clones *PL5, >PL7 and >PL8, have inserts of about 1.7, 1.0 
and 1.8 kb, respectively (Bluescript, Strategone) . 

30 Restriction mapping showed that the inserts were colinear 
with each other (rigure 4A) . The restriction enxymes used 
were: 0, Bamllli K, Kpnlt S, Sail) and Sm, Smal. 
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. | •., Th inserts wcr also clon d into KI3iapl8 for 

^sequencing. The nucleotide sequencing strategy for the }PL8 
"■insert, the longest insert, is also shown in Fig. 11*. 
^Double stranded forms of K13 were subjected to sequential 
.deletion using exonucl eases III and VII following the method 
Sf of Yanisch-Porron,^et al. (1985). Single-stranded DNAs ver 
purified from each deletants and nucleotide sequences were 
determined by the dideoxy-tcrminatior. method (1970). 
Sequences which were difficult to determine by this procedure 
were examined by the Kaxam-Gilbcrc method (1980). 
10 Nucleotide sequence of thelPLB insert and deduced 

amino acid sequence of PD-ECGF is shown in Figure 11B. Th 
putative initiation codon is at nucleotides 124-126. An 
in-framo stop codon (nucleotides 28-30) upstrear. of the 
initiation codon is underlined, and a stop codon at 
nucleotides 1570-1572 is marked with an astorisk. The 
polyader.ylAtion signal (nucleotides 1568-1573) is underlined 
with an arrow. Regions corresponding to the prepared 
oligonucleotide probes, 226, 231, 240, 258 and 259, are 
underlined with broken lines. 

20 

Sequence of PD-ECGF 

Nucleotide sequencing of the ^ PL8 insert rove a led 
a short GC-rich 5' untranslated region, an open reading fraa 
predicting the translation of a 482 amino acid long protein 

25 (M 49,971), and a short 3* untranslated sequence sequence 
containing a poly (A)* tail (Fig. 11B). Tho translation is 
probably initiated at the ATG at nucleotides 124-126, sine 
the surrounding nucleotide sequence follows the rules for 
translation initiation, whereas ATG at nucleotides 136-138 

^° does not. Furthermore, there is no other ATGs between an in 
frame stop codon at nucleotides 28-30 end tho nucleotides 
coding for the N-terminus of intact PD-ECGF (Fig. 9) • A stop 
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codon (TAA) isjpresent at nucleotides 1570-1572 . ; This stop ; . 
fe codon is part ^bf the polyadenylation signal (nucleotides 
^ 1568-1573) "V^ppurteen nucleotides down-stream^f ithis signal, ; 
tea. longest re t^pf poly<A) + was%ound. A sima^r|)oyerlap of 
£ : - ; the; stop ^donl^nd^ -the polyadenylation signal|KasV^een 
^ reported for|hiaman choriogonadotropin B-cham.^^;;.. 
^ ^ ;%uSf the 432' amino acids of PD-ECGF; deduced from 

the cDNA clone/ 389 were identified by amino acid sequencing 
(Fig. 9) . The N-terninal sequence of PD-ECGF starts 10 amino 
- acids downstream"© f the proposed translation .initiation site, 
10 * indicating thatVthe r.oi ecu! e undergoes a 1 imited proteolytic 
processing after synthesis. The C- terminal amino acids 
predicted from/the cD:;,\ sequence, e::ccpt the last four, were 
identified by amino acid sequencing. It is not known whether 
PD-ECGF undergo sproteolytic processing ir. the C-terminus, if 
15 so, a maximum of four amine acids are removed. The M r of the 
mature protein would thus be 48,600-4 9,000, in reasonable 
agreement with the estimate of 45,000 obtained from SDS-gel 
electrophoresis of pure PD-ECGF. 

The predicted amino acid sequence from the cDNA 
20 clone matched perfectly the previously obtained amino acid 
sequence in all positions, except in position 471, where the 
nucleotide sequence predicts a leucine residue, whereas a 
serine residue was found in both of two different peptides 
obtained from this region (Fig* 9). It is possible that 
polymorphism occurs at this position. 

Matching the sequence of PD-ECGF with those of the 
PIR, EMBL and Genbank databases (releases 15, 14 and 56, 
respectively) revealed no striking homologies to other 
proteins. Short internal repeats in the sequence were noted 
^° (over lined in Fig. 2) . One important feature of the sequence 
is the lack of a hydrophobic signal sequence suggesting that 
PD-ECGF is not a classical secretory protein. The sequence 
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contains only jone tyrosine residue, which probably. is not 
1 exposed on thVi surf ace of the molecule, since ; attempts to 
i'>radiolabel PD-ECGF with 125 l^usin^ the chloramine. ^.method, ^ 
tEresul ted ?inltfvery S 1 ow incorporation of radioactivity. -There 




is one potential v N-glycosyl atlbn site , Asn-63^E^.^) ; -^h^p|^^^^: 
'fl 5 ^ PTH-amino ' ac^yield • of the corresponding tryptic peptide ' ' -%m : £&&<. 



decreased dramatically, just^before this resid^;(Fig. 9). 
This could be due to the formation of a cyclic compound of 
the asparagine residue and the following glycine residue, 
■ which can occur only if the aspargine residue is 
10 nonglycosylated^This, in combination with the H^ot "PD-ECGF 
as determined by SDS-gel electrophoresis, compared with the 
K predicted from the cDKA clone, suggest that Asn-63 is not 
glycosylated. There are a total of 7 cysteine residues, 
indicating that the molecule contains at least one free SH 
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group. 
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Southern and Northern Blotting 

To obtain information about the genomic structure 
of the human PD-ECGF gene. Southern blotting analysis of 
human DNA was performed using the inert of pPL8 as a probe. 
High-molecular-weight human genomic DNA was prepared from 
normal human leukocytes. Samples were digested by 
restriction enzymes, subjected to electrophoresis in agar and 
blotted to nitrocellulose membranes (Schleicher and Schull). 
As shown in Fig. 12A, ten ug of human placenta DNA was cut 
with HindHI (lane 1) or Xba l (lane 2) , and then subjected to 
electrophoresis in agar and hydridized by a PD-ECGF cDNA 
probe from the pPL8 insert. Single bands of 19 kb and 9.2 kb 
was observed after digestions with HindHI and Xbal, 
30 respectively. This suggests that only one copy of the 
PD-ECGF gene is present in the human genome. Indeed, 
analysis of human genomic PD-ECGF clones supports this 
conclusion. 

35 
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Human placenta poly(A) + RNA was examin d by Worth rn 
blotting using th pPL5 insert as a prob . Pol y (A) RNA was 
purified from 22-weeks-gestational human placenta as 
d scribed above. One ug of RNA was electrophoresed in a 0.9% 
f rmal in denaturing gel and blotted to Hybond K nylon filter 
(Amersham). Hybridization was preformed in a solution. of 50% 
formamidc, 0.65 K UaC 1 , 0.1 K sodium Pipes, pH 6.8, 10% ; 
doxtran sulgate, 5x Dcnhardfs solution, 0.1% SOS, 5 mM EDTA 
and 100 ug/r.l salmon sporrr. DNA at 42* for 18 h, and then 
washed four tires with 2 >: SCC, 0.2% sodiuir- phosphate, 0.1% 
SD5 for 20 r.in. periods at 50 °C. 

1, single transcript cf ateut'l.e l:b was observed 
(Pig. 12B). Since the lor.aort cd::a clone found. PL8, has 
an insert of about 1.8 kb, ir. r.ort likely represents a 
full-length copy of th'.- Pr-ncnr trar.srript . 



20 



Expression of PP-ECCr cP;V 

In order to verify tho authenticity of the cDJJA 
clone and to proviau a rcniicuLic- expression vector carrying 
the PD-ECGF gene, it was expressed ir. K:i!3*3 cells. The pPL8 
insert was subcloned into the pLJ expression vector to oivo 
pLPL8J. This voctor has Koiony louker.ia virus LTP. as a 
promoter to drive the cDHA transcription, as well as a 
neomycin resistance gene as o selection markor riwniea 
t al., 1986. The pLPLSJ and pLJ constructs were introduced 
25 in the NIH3T3 cells by tho calcium phosphate co-precipitation 
method, and cell lines were solected by neomycin. 

NXH3T3 cells trans tec ted with pLJ or with pLPL8J 
wore grown to confluence in 10 cm coll culture dishes in 
Dulbecco's modified Eagles' s medium (DMEM) supplemented with 
30 10% calf serum and antibiotices. The cells were then 
cultured for 24 h in serum- free consitions in DMEM 
supplemented with 1% bovine serum albumin, 7.8 ug/ml 
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cholestcrol, 5.5 ug/inl ol ic acid , 8 ug/ml L-a-phosphatidyl- 
1 ch line and 0.2 mg/ml trans for in o After collecting the 
conditioned media, the cells were washed twice in PBS and 
then scraped into/1 ml of PBS. Following careful 
resuspension, a cell lysate was prepared by disrupting the 
5 cells by three cycles of freezing and thawing, followed by 
centrifugation atfzsioOO g for 30 min. and collection of the 
supernatants. For the preparation of cell lysates, the cells 
were washed and resuspended ir. PBS containing 1 mM 
phenylmethylsulfonyl fluoride (Sigma), 150 KIU aprotinin 
10 (Sigma) and 10 mM EDTA. Growth- promoting activity was 

measured by the ^incorporation of 2 K-thymidine into porcine 
aortic endothelial cells ir. the absence or presence of 
2 ug/ml of PD-ECGF antibody purified hy proteir. A-Sepharose. 
Immunoblotting was pcriormed described. 
*5 Analysis of cell lysate ar.d conditioned medium of 

one cell line transfectcd with pLPI.8J, revealed growth 
promoting activity for porcine aortic endothelial colls in 
the cell lysate, but nor in the conditioned medium (Fig. 
13A,B). The activity was completely neutralized by a 
20 specific rabbit antiserum against PD-ECGF, indicating that 
the activity was due to the synthesis of functionally active 
PD-ECGF by the cell in (Fig. 13A). Tho N1H3T3 cell line 
transfectcd with pLJ did not contain any growth promoting 
activity for porcine aortic endothelial cells. The cell 
25 lysate of the cell line transfectcd with pLPL8J was 
furthermore found to contain a 45 kDa component in 
immunoblotting exporimonts using the antiserum against 
PD-ECGF CFig. 13C) . The size of the product was similar to 
that of human PD-ECGF purified from platelets (Fig. 13C) . 
30 These data show that the purified, sequenced and cloned 

PD-ECGF molecule is responsible for the observed biological 
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ffect on porcine endothelial c Us. Thes data additionally 
1 showed that recombinant PD-ECGF can b expr ssed in cultur d 

ycells. 

: : Chemotactic Res ponses to PD-ECGF 

5 — ■ The effect of PD-ECGF on the migration of bovine 

•l||ortic endothelial -eel Is (BAEC) and smooth muscle cells (SKC) 

was determined. ■ 

Chemotaxis assays of BAEC and SMC were performed in 
48-wcll micro chambers. Gelatin and fibronectin coating of 
10 the Nucleoooro filters was necessary for BAEC adhesion. 
^Cells (13,00C BAEC, 25,000 SXC per veil) were added to the 
'upper wells. Serum-free Dulbecco's modified Eagle's medium 
(DMEK) was used for SMC r.i ? ra«ien, DKEX was supplemented with 
1% FBS for BAEC migration. The number of cells which had 
15 migrated during a 5 h incubation period to the lower surface 
of the filter were counted ir. thre* high power fields. All 
experiments were done in triplicate. In Fig. 14A, the Dose 
dependent migration o£ BAEC is indicated by closed circles 
and on left ordinate and similarly for SKC by open circles 
20 and on right ordinate. Controls are shown as a histogram I) 
BAEC medium only, IX) BAEC medium plus lOng/ml basic FGF, 
III) SMC medium only, IV) SKC medium plus 5* FCS. 

Fig. 14a shows the dose-dependent effect of PD-ECGF 
on the migration of bovine aortic endothelial cells (BAEC), 
25 which at saturation (5-10 ng/ml) is comparable to the potency 
of basic FGF as a chemotactic factor. Half-maximal 
stimulation occurred at a concentration of about 1 ng/nl. 
Consistent with its mitogenic target cell specificity for 
endothelial colls PD-ECGF did not induce smooth muscle cell 
30 migration under assay conditions. Control, using serum and 
platelet-derived growth factor induced extensive smooth 
muscle cell migration in the same experiment. 
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Checkerboard analysis r veal d that BAEC migrati n 
induced by PD-ECGP ia du to dir ctcd c 11 migrati n 
(chemotaxis) and not random migration (chemolcineaial . The 
data are ahown in Pig. 14B and represent percent cell number 
per field, standard deviations were below 15\. The values 

n the diagonal indicate chemokinotic migration and the 
values below the diagonal indicate chemotaxis. 

Finally, antibodies which neutralize the mitogenic 
activity of PD-ECGF in vitro also neutralized the chemotactic 
activity (Fig. 14C) indicating that PD-ECGF is responsible 

for this activity. 

Tho inhibition of DAEC migration using PD-ECGF 
antibodies was performed as described above and the examples 
ahown in Fig. 14C are 1) Control, 2) 5ng/ml pure PD-ECGF, and 
3) 5ng/ml pure PD-ECGF plus 300 ng/ml anti PD-ECGF 

15 

antibodies. 

m^i^anlc ProPQ *fcl«« of PD-ECGF 

The effoct of PD-ECGF in vivo was tosted on the 
developing vascular aystom of the chick chorioallantoic 
20 membrane (CAM) . Test substances were incorporated into 
methylcellulose diaks (lOul) and transplanted onto a 9 day 
old CAM as described by Risan, et al. (1986). CAMs were 
analysed daily for two days. Disks are viaible by their 
light reflectiona. Pig. 15 shows the induction of 
25 Angiogenesis on the chick chorioallantoic membrane by a) 
partially purified PD-ECGP (purified through the 
hydroxylapatite step, 1% pure, 1.2 mg of protoin/mli 5 ul 
methylcellulose disk), b) 30 ng pure PD-ECGP, and c) 
partially purified PD-ECGP (as in a) incubated for 20 min 
30 with anti-PD-ECGP antisorum (2.3 ul of each solution) 
(magnification x 10) . 
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Partially purified PD-ECGF consistently induced a 
str ng angiogenic response (Pig 15A) . Furth rmor , pur 
PD-ECGF at a dose of 50 ng induced angiogen sis in the CAM 
(Fig. 15B) . These rosults are summarized in Table 3. 
Antibodios against PD-ECGF greatly inhibited PD-ECGF induced 
angiogenosis in this assay (Fig. 15C) . Thus, the angiogenic 
r •ponse is unlikely to be due to inf lamination or other 
factors than PD-ECGF present in the preparation. 
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TABLE 3 

Angiogenic Properties of PD-ECGF on the CAM 



TRANSPLANT 



ANGIOGENIC REACTION 



-f-f 



10 



Partially purified 
PD-ECGF (2.5-5 ul/disk) 



54 ; 4 7 



Partially purified 
^ PD-ECGF (2.5 ul/disk) 
plus anti-PP-ECGF serur.. 
(2.5 ul/disk* 



20 



Pure PD-ECGF 
(50 ng/disk) 



11 



25 



30 



Number of samples is indicated in each column. 

Strong angiogenic reaction 

+s Less pronounced angiogenic reaction, in some cases 
only few vessels converging to the transplant 

-: Unaffected vascular pattern 
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To investigate , the in vivo «ects of PD-ECGP,-; 
0LPL8J and pLJ without insert were transfected by 
electroporation into al|l>ells. al-l W a NiH 3T3 cell . 
transformed by human activated H-ras arigi stumor igenic^n 
nude mice. After trans1e^tcd>l-l cells||ere^.8elected Jr^. 
G418 resistance, they "were ^ected intptnudo mice - 
subcutaneously. In two weeks, tumors grew to be about 2 cm 
in diameter and they were harvested and fixed in 
formaldehyde. Histological examination (Figure 16) revealed 
that tumors developed from al-1 transfected. with pL?L8J have 
marked blood vessels in -contrast with the few vessels in 
tumors from al-1 transfected with pLJ without cDKA inserts. 
This observation indicates that hur.tr. PD-ECGF is angiogenic 
in mice. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS . 

1. A polypeptide comprising recombinant 
platelet-derived endothelial cell growth factor. 

2. The polypeptide of Claim 1 wherein said 
platelet-derived endothelial cell growth factor is des- 
MAALMTPGTG endothelial cell growth factor. 

3. The polypeptide of Claim 1 wherein said 
endothelial cell growth factor is mammalian or human. 

4. The recombinant polypeptide of Claim JL or 
comprising the amino acid sequence: 



15 



20 



25 



30 



MA ALHTfCTCAr'A'C 

ctcsocLror srtrKOirtLl»"'*oc 

• • • .... 

* t A 0 I *CTVA XVVNCiAOCAOlCAKLM 

LBCHOLCCTS VLTOALACICOOLCVPC 

00LV0RMSTC CVC0HV$LVLAfALAAC 

• • • • • • • 

VrMlSCHCLCMTCCTLDILLCtircriiV 

• • • . . • * 

rtonovLLOOAccc ivco$cotvrAOc 

• • • ..... 
AAKOVTATVDSLrL|TAl!LS«KLVtC 

LvvovurccAAvrrwotoARCLAr tlv 

ASLCLRVAAA LTAHOKPLC»CVCHALC 

ALLCMOCACF fOLAOLVTTLCCALLWL 

• • • ■ • * 

ACTOAOCAAftVAAALOQCtALCPfC * M 

• • .... 

OCVOrCLAftALCSCSFAtHftOLLr RAH 

tLLAfAOCTVCLVHALfLALVLMtLCA 

• » • • * • . 

«ACCPLKtCVCACLLVOVCOBLA»CTr 

• • • • • • 

VMROCrALSCrOSAAtOCALVLSORAP 

• • • • * • 

FtrrAtLVLffOO 



0 r 

c R 

A i 

A « 

c c 

1 0 
I L 
L ft 

C V 

v t 

ft c 

L A 

c o 

e r 

« L 

r a 
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1 5. The recombinant polypeptide of Claim 2 

comprising the amino acid sequence: 



10 
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C t 

ft c 

L » 

o o 

v r 

ft t 

A A 

L V 

A S 

A L 

A C 

0 C 

C L 

II A 

V M 

r s 



c t 

A 0 

C H 

L V 

H ! 

0 H 

ft D 

V 0 
L C 
L C 
T 0 

V 0 
L A 
C t 
ft o 

r r 



O C L 
! ft C 
OLE 
OR* 

sen 

0 V L 
VTA 

v it r 

L ft V 
HOC 
A O C 

ret 

PAD 

r l ft 

c r a 
A t L 



ft o ft 

r v a 

t T * 
ft T r. 
C L C 
LOO 
T V 0 
CCA 
AAA 
A C ft 
A A ft 
A ft A 
C T V 
LCV 
L t C 

v t r 



A ft 

srtr»9trcL!»N 

A V V N C 1 AOCAOfC 

VLTOALACSCCCt 



C v c p r v \ 

M T C c t l r 

A c c C I V c 

* t r L I T A 

a v r r * o t 

l t * m o r r 

ft o l p o l v 

v * A A L D 0 

t c $ c s r a 

t L V • A L ft 

A C L L V O 

r O t ft A I; o 
POO 



L v l * r a 

Pit % I ft 

C S C C L V 

* I L * 9 9 

0 A ft C L A 

L S ft C \ C 

T t C C * 

C t A L C ft 

t • • 0 L L 

t A t V L H 

V C 0 • t • 

V A L V L t 



ft ft 

A H 

r * 

L A 

c r 

r a 

L V 

ft T 

• A 
L L 

r t 

r » 

C L 

• C 

D ft 



cor 

c ft 

A I 

C A tr 

C C C 

V I O 

1 t 

L ft 

C v 

v t 

* c 

L A 

t 0 

C ft 

« L 

ft r a 



6. The polypeptide of any one of Claims 105 
wherein the leucine at position 471 of said sequence is 
30 replaced with serine. 
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7. A polypeptide comprising fragment of the 
platelet-derived endothelial cell growth factor of any one 
of Claims 1-6. 

8. The polypeptide of Claim 7 wherein said 
fragment is obtained by enzymatic digestion. 

9. The polypeptide , of Claim 8 wherein said 
enzymatic digestion is effected by trypsin, chymotrypsin, 
pepsin, subtilisin, V8 protease or mixtures thereof. 

10. The polypeptide of Claim 7 obtained by 
chemical or spontaneous cleavage of said factor. 

11. The polypeptide of Claims 9-10 wherein said 
endothelial cell growth factor is recombinant or 
naturally-occurring. 

12. An antibody to platelet-derived endothelial 
cell growth factor. 

13. The antibody of Claim 12 wherein said 
antibody is polyclonal or monoclonal. 

14. The antibody of Claim 12 or 13 wherein said 
factor is recombinant. 

15. A nucleic acid molecule comprising a 
recombinant DNA molecule or a cDNA molecule platelet- 
derived endothelial cell growth factor. 

16. A nucleic acid molecule comprising a 
recombinant DNA molecule or a -:PNA molecule having a 
nucleotide sequence encoding an amino acid sequence of the 
endothelial cell growth factor of any one of Claims 1-6. 
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17. The nucleic acid molecule of Claim 15 
comprising the nucleotide sequence: 

t oxraciCM ctvtcirtc caacccIU ■crrtAreet cccc~ccrc rrr-r~~-' 

• i eccvMTCHae ecTCcc*tcc cr^c**^: #rct*Tc«r» *" '* 
«m ore atc or* etc ttc atc *cc ccc ee» Kf erx cr» rrr t.s^ii_t-t.t.'.»r:i 

Itl f ^ c ^ i- r Tk - Trfl f »> r ~ rrt tec c*» ft.-, cr- —~ 

Ml Ate cor atc aac cc* e*c cc* ere cc- c»e »v e** t'" r»- »*c *"* r " **' 

Ml ecr ctc ctc aat coc acc ere tK ccc rw\ »rt cr.-. rc- »*■: r»r * - »t- 

ui ctt coc or-, atc e»t ctc c~- c»-. a*t tec etc ct-. <- * ct*. * ' * 

• li c*e cac etc cac tee cca c*c ccc tec ccc c»c c»e ct* mc c«c »*-. c»? t-e »v. 
«tt cct ctc cct c»e aac c-tc act etc cie etc er» c-r ct-. e?» t-» *-t *** 

til CTC CCA ATC AtC ACT CCA CCt r-t r*-- g' n- »>a g£> >~ T1=. Aft* CIS W. 

•ft »«» g»f t'^ *" rj> ' *" ' *" * * 

«ti ore coc tec vet Atc ctc cct c*c *ct e*e t*t ck ct cct c-.* c*c w» 
?m cca ccc aca cat etc at a err wc ctc r«r »— ct-. «"* *t- »?» r " »*' " * 
itl act aac aaa etc etc c*c e*v. c t- i-r v » ct- err c c» - ' * 1 »»- ?tt *** 
t«i ore etc ttc ccc aac e»c r%c cac ccc ccc etc cr* »*C »CC Cf. Ct f rr-C *-■»' »-.*• 
mi cr mc n» eee crt ccc cr* "- e f «' A - g ^- * r = K »' g -- cts^gsL c/. 

Ml «~ ~ ~ ^ «"t* r^t ett r*g cai c?g. gtc etc t=e tl- c*r fc^l- C'.t^C=I c:i 
i«lt t** c^c etc ctc kc etc err. crx ccc cic etc r-.~. ct' **■' ^ * r 

ini ore ccc act cac ccc c»c occ cct ccc ccc ctc ccc ctc ccc ctc c*c c»r #:-' t»-r 
ti«t cn car ccc ttc cjc ccc »tc «•"- «>r m fT riT r^T ft,r r " rr * s~c 

INI «^ «rr t« ^ r^f- «r* m fg- ff^ f *r. rtc etc ret rcc CCC cry. 

t»t c*c ctc ctc era ccc cc» e*t cor act etc ex. etc ctc cm ccc ct« e*-*-. etc v 

tltl etc CTC C*C CAC ctc ccc ccc err: ccc »rc ccc cct occ c*c ccc ctc err rrr. rrj>. r— 

1MB CCC CCA CAC CTC CTC CTC C*T CTC OCT CAC A«C Ct« CCC CCt CCC ACC CCC trc ffr —T 
-•«» CtC CAC CCC CAC CCC CCC CCC CTC ACC CCC CCC CAC ACC CCC CCC CtC C*r. CAC «r. ct' 
1MI CtA CTC TCC CAC COC OCC CCA ttC CCC CCC CCC TTC CCC TTC CCA CAC CtC CTT CT^. ITC 
IMI CCC CAC CUJUJOC TCC TTT CCC CCC »** tM« 

18. A replicable expression vector comprising 
nucleic acid molecule according to any one of Claims 15- 
which is operably linked with a nucleic acid sequence 
capable of effecting expression of said growth factor. 
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1 19. A transformant microorganism or cell 

culture transformed with the replicable expression vector 
of Claim 18 which is capable in said transformant 
microorganism or cell culture of expressing said 

5 endothelial cell growth factor. 

20. The cell culture according to Claim 19 
comprising transformed NIH 3T3 cells, 

21. A microorganism according to Claim 19 
comprising a transformed E. coli strain. 

10 22. A mammalian platelet-derived endothelial 

cell growth factor for use in preparing a therapeutic 
composition useful in treating wounds, atherosclerosis, 
angiogenesis, or thrombodytopenia . 

23. The growth facror of Claim 22 wherein said 
15 growth factor is recombinant. 

24. A process for the purification of 
homogeneous platelet-derived endothelial cell growth 
factor from a platelet lysate comprising subjecting the 
lysate to cation exchange chromatography, pooling and 

20 subjecting the resulting active fractions to anion 
exchange chromatography, pooling and subjecting the 
resulting active fractions to ammonium sulfate 
precipitation, pooling and subjecting the resulting active 
fractions to anion exchange chromatography, pooling and 

25 subjecting the resulting active fractions to high- 
performance hydroxylapatite column chromatography, pooling 
and subjecting the resulting active fractions to high- 
performance hydrophobic column chromatography, and 
recovering said homogeneous platelet-derived endothelial 

30 cell growth factor. 
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25 . The steps, features, compositions and compounds 
"sclosed herein or referred to or indicated in the 
specification and/or claims of this application, 
individually or collectively, and any and all combinations 
of any two or more of said steps or features. 



DATED this EIGHTEENTH day of DECEMBER 1989 
Research Corporation Technologies, Inc. 

by DAVIES 5. COLLI SON 

Patent Attorneys for the applicant(s) 
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